Two distinct pathways of tumorigenesis exist in sporadic colorectal cancer. The microsatellite instability pathway (MIN), which is characterized by widespread microsatellite instability due to aberrant mismatch repair machinery, accounts for 15% of all sporadic colorectal cancers. The chromosomal instability (CIN) phenotype, which accounts for 85% of sporadic colorectal cancers, is characterized by gross chromosomal lesions but the underlying mechanism remains unclear. We have addressed dierences in gene expression between the MIN and CIN colorectal cancer phenotypes in vitro by the use of high density cDNA ®lters to compare gene expression patterns between MIN and CIN colorectal cancer cell-lines yielding a panel of 73 consistently dierentially expressed genes. Nine of these genes were subjected to con®rmatory analysis by independent methods, of which six were con®rmed as being dierentially expressed; PLK, RanBP2 and CCNA2 were overexpressed in CIN lines while BTF3, H2AZ and PTPD1 were overexpressed in MIN lines. These six genes are involved in diverse processes, such as maintenance of chromatin architecture, DNA-damage checkpoint and cell cycle regulation, which may contribute to the CIN and MIN phenotypes.
The majority of colorectal tumours (85%) are sporadic in origin yet they exhibit close similarities to tumours resulting from inherited colorectal cancer syndromes. The chromosomal instability (CIN) phenotype, which accounts for 85% of sporadic cases, exhibits gross chromosomal abnormalities such as aneuploidy and loss of heterozygosity (LOH). The microsatellite instability (MIN) phenotype is not as prevalent in sporadic colorectal cancer, accounting for 15% of such malignancies and has been ®rmly linked to a faulty DNA mismatch repair system. Adenomatous polyposis coli (APC) or b-catenin mutations are the most common initial molecular lesions in the CIN phenotype (Kinzler and Vogelstein, 1996) . A link between microsatellite instability and mutant DNA repair genes was discovered (Strand et al., 1993) . Subsequently ®rm associations between DNA mismatch repair and colon cancer were demonstrated (Fishel et al., 1993; Bronner et al., 1994) . Unrepaired DNA mismatches in transforming growth factor beta I receptor II (TGFbIRII) and insulin-like growth factor receptor II (IGFRII) (Parsons et al., 1995; Souza et al., 1996) are thought to be the driving force of tumorigenesis in MIN tumours. p53 was initially a candidate gene in the molecular mechanism of CIN. However, a number of cancers with mutant p53 have been shown to be diploid with no obvious chromosomal defects and to exhibit MIN due to impaired mismatch repair (Eshleman et al., 1998) . Disruption of mitotic checkpoint assembly genes can lead to CIN because checkpoint defective cells can complete mitosis with inappropriately aligned chromosomes (Paulovich et al., 1997) . Recent data strongly support the hypothesis that carcinogen exposure determines the type of instability in MIN and CIN cancers (Bardelli et al., 2001) . Despite these ®ndings, the mechanism of CIN progression remains unclear.
A number of studies have used cell lines derived from sporadic colon tumours as in vitro models of the MIN and CIN phenotypes (Cahill et al., 1998) . We report a global gene expression pro®ling approach used to identify gene expression dierences within a panel of MIN and CIN cell lines (selected on the basis of Heinen et al., 1995) . This utilized Gene Discovery Array (GDA) v1.3 ®lters (IncyteGenomics, USA) and SMART cDNA (Clontech, USA) to determine expression dierences between MIN (LS174T, SW48 and HCT116) and CIN (Caco2, SW480 and HT29) sporadic colorectal cancer cell lines. The GDA ®lters harbour over 18 000 cDNA species arrayed in duplicate, of which approximately 4000 are known genes and 14 000 are expressed sequence tags (ESTs).
In order to rule out tissue-speci®c dierences, three pair-wise comparisons were performed between (in each case) representative MIN and CIN colorectal cancer cell-lines. Brie¯y, radiolabelled SMART total cDNA preparations for each cell line pair were hybridized in parallel to identical GDA v1.3 ®lters, expression patterns were visualized by phosphorimaging (100 mM resolution) and imager ®les were analysed using the Gene Discovery Array software (IncyteGenomics, USA). Individual expression pro®les were evaluated based upon three criteria: (a) consistency in expression dierence across three pair-wise MIN-CIN comparisons; (b) an expression dierence of ®vefold or greater as recommended by IncyteGenomics; and (c) only known genes were considered. A simple Perl script program (GeneMatch v1.0) was coded which allowed us to identify the most signi®cant expression dierences present in all three experiments. Approximately 70 genes were found to be consistently overexpressed either in MIN or in CIN cell lines (Tables 1 and 2 ). As a control for our expression data we exploited the public Serial Analysis of Gene Expression (SAGE) database (Lal et al., 1999) . SAGE has been used previously to identify gene expression dierences between HCT116 and Caco-2 (Zhang et al., 1997) . The Unigene unique identi®er of each transcript was entered into the SAGE database and we were thus able to determine if our results concurred with those obtained from the established technology of SAGE.
The expression dierences observed by GDA analysis were independently veri®ed by Northern blot and RT ± PCR for nine transcripts, selected on the basis of current literature reports concerning the transcripts and previous MIN/CIN ®ndings (see above). The choice of veri®cation method was made based on EST and SAGE tag abundances associated with a given transcript. These analyses con®rmed the dierential expression of six of the nine genes: polo (Drosophila) like Kinase (PLK), ran binding protein 2 (RANBP2) and cyclin A2 (CCNA2) were overexpressed in CIN; basic transcription factor 3 (BTF3), histone 2AZ (H2AZ) and protein tyrosine phosphatase D1 (PTPD1) were overexpressed in MIN. Dierential expression of H2AZ, BTF3, PTPD1 and RANBP2 was evident using either method; expression dierences ranged from 2 ± 3-fold (BTF3 and RANBP2) to greater (H2AZ). CCNA2 and PLK1 were assayed by RT ± PCR demonstrating their low expression level (40 cycles of PCR). Finally, although not clearly dierentially expressed between the MIN and CIN cell lines, Northern blot analysis of HDAC2 revealed decreased expression in MIN (ranging from approximately 2 ± 6-fold) with the exception of SW48 (Figure 1) . From these ®ndings, it would therefore seem reasonable to suggest that over 66% of our gene panel may represent bona ®de expression dierences.
Potential functions of each transcript were explored using sequence databases (See Websites and Databases Section). A large number are derived from receptor genes, transcription factor genes, cell cycle related genes and genes implicated in chromatin structure. PLK1 can aect chromosome number and chromosome segregation (Wolf et al., 1997) , while overproduction of RanBP2 in yeast induces mitotic chromosome disjunction (Ouspenski et al., 1995) . Elevated expression of both PLK1 and RanBP2 may aect chromosome number and mitosis in CIN, thereby potentially contributing to chromosomal instability. It is an attractive possibility that elevated levels of CCNA2, a cell cycle checkpoint regulator (Badie et al., 2000) , in CIN inhibits a cell-cycle checkpoint contributing to the abnormalities seen in these cells. BTF3, a transcriptional activator, was observed to be overexpressed in MIN cells but a speci®c role for this transcript is unclear. It is conceivable that overexpression of H2AZ in MIN cells may cause chromatin remodelling thereby aecting gene transcription. Deacetylation of p53 by HDAC2 is known to silence p53 activity (Juan et al., 2000) and abrogate p53 cell cycle control. Underexpression of HDAC2 was observed by GDA analysis and Northern blot in a subset of the MIN cell lines examined (data not shown) which may lead to histone hyperacetylation. This result and the H2AZ data taken together may suggest reciprocal roles for HDAC2 and H2AZ in gene silencing in MIN cells. It has been suggested that H2AZ transport to the nucleus is regulated by masking of the H2AZ nuclear localization signal by acetylation. PTPs (protein tyrosine phosphatases) have been shown to be sites of LOH in renal cell carcinoma (Druck et al., 1995) . CIN tumours are recognized by gross chromosomal lesions including loss of heterozygosity (LOH). Expression of PTPD1 was undetectable in CIN cells by RT ± PCR. This suggests either low expression of the transcript or potential LOH at the PTPD1 locus in CIN cells. The group of dierentially expressed genes found in this study did not contain genes previously associated with MIN. However, the reciprocal expression of H2AZ and HDAC2 in MIN cells (with the exception of SW48) may represent a gene`silencing' pathway in MIN tumours. PLK and CCNA2 are attractive potential CIN targets due to their involvement in cell cycle and DNA damage checkpoints. PTPD1 is not as clearly associated with the cell cycle, yet has been implicated previously in tumour progression and LOH (Partanen, 1996) .
This study has identi®ed alterations in gene expression patterns speci®c to the MIN and CIN phenotypes in colorectal cancer. A number of genes were found to be expressed at elevated levels in MIN cells with respect to CIN cells. This phenomenon may be explained by the occurrence of widespread LOH in the CIN phenotype, which accounts for the loss of expression of speci®c alleles. It may prove fruitful to determine whether any of the genes we identi®ed exhibit LOH in CIN tumours. Other genes were identi®ed which exhibit elevated expression in CIN with respect to MIN. Mutations in genes due to the MIN phenotype may compromise mRNA stability leading to increased degradation of mutant transcripts. Careful scrutiny of our panel of gene sequences for simple sequence repeat polymorphisms may reveal MIN markers. Figure 1 Con®rmation of GDA v1.3 expression dierences by Northern blot and RT ± PCR. (a) Con®rmation of elevated expression of three transcripts (H2AZ, BTF and PTPD1) in MIN colorectal cancer cells. Northern blot analysis was carried out as described previously (Sambrook et al., 1989) . Total RNA (10 ± 20 mg) was resolved on 1.0% formaldehyde agarose gels and transferred to Hybond-N+ TM (Amersham PharmaciaBiotech, UK). Northern blot probes were made by radiolabelling PCR products with [a-32 P]dCTP. Where appropriate, clone inserts were isolated from bacterial clones (Incyte Genomics, USA) and radiolabelled with [a-32 P]dCTP. Northern blots were probed with b-actin to control for RNA loading. (b) Con®rmation of elevated expression of three transcripts (RANBP2, CCNA2 and PLK1) in CIN colorectal cancer cells. cDNA was synthesised from total RNA using Superscript II Reverse Transcriptase (Gibco BRL, UK). PCR was performed using Taq DNA Polymerase (Promega Corporation, USA). Contaminating genomic DNA was controlled by RT ± PCR analysis using intron-spanning primers. RT ± PCR products were resolved on 12% polyacrylamide gels and 1.5% agarose gels. b-actin was used as a loading control for RT ± PCR and Northern blot. #=RT ± PCR; *=Northern blot
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